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(54) CONDENSING SIMULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a condensing simulator with 
high precision by calculating the light receiving amount of a photo- 
diode in each pixel position on an image pickup surface. 
SOLUTION: This condensing simulator is provided with a device 601 
for inputting the geometrical and optical structure parameter of one 
pixel in an imaging device with a micro-lens, the incident condition 
of a condensed light beam to the device, which is decided by a 
camera lens system and a calculating condition such as the number 
of incident light beams or the number of incident points on one 
pixel, CPU 602 for calculating light beam tracking and a condensing 
rate and an output device 603 for outputting calculation results. The 
light receiving amount of the photo-diode in each pixel position is 
calculated based on the calculation result of each calculating means 
for calculating the optical design value of the micro-lens, the 
structure of the lens, data concerning the structure of a solid-state 
imaging device at the lower side of the lens, data inputted by each 
input means for inputting the position of the photo-diode, the 
incident angle and the refractive angle of the light on each boundary 
surface, the permeable rate of the light and a reflectance and for 
calculating reliance on the incident angle concerning the optical axis 
of an incident light strength. 
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mnffioii^ <=w PD /w P itch) £-gnr*. 

40 [0 03 5] ^(C. 04(d)li02(b)©*^-7U>X 

w»h<Dim.<D$m.&02&®<D 1 ia^*teAo/c0-r 

*0. ?6tciB*gB«:-7-f *au>X#£>-SJti££if; 
T. c©i#. *y^u>xm*^©AS4*^«}g^ 
S^SB©iS^-f*6C<t^6. 02(b)©J:5K:. 
$4* AS4^* *'C«{C*I*}^ -> tc AM ft<DftSmK.te 
So ^OT. C©<t^^^*504(b)<?:|5]««:. }S 
^^©^^ffiic^ * ^ <fc ^ tc A84^ S t <£SiT 
•2> 0 ■r-E > iS3t^«m«mT-©©^SDK:^$*afc-7 
^^au>X{c«t0. 04 (d)Cc^-r<t^(c^u. c 

50 (DtzvAMftmvn&fkictt-rz&XMpitcmm-rz, 
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4fc£. 

(0 03 6] *^J8P9-Ct*±f3-> 5 ^ U-^> a 

iMbiCTHt. C©iT«, 0 1 (a)4lal&K:. 
U>X^A>^n->^tca*Lr*fcA^pfeiSm8 1 0 
~8 9 0^1/^*50. SASt^ifi^8 1 0~8 9 0» 
#U&Pi~P,S:*tr4. t©0tt — }©iSfg£7rsLT*J 
9. S^BBSP8 0 l©±«:j®irc^-rv./*aix>X8 
0 2 £WT _tf e& ;±i P * ~ P , tt®«®8l5 8 0 1©± 10 

1-0-8 9 0IJ. @3-C^®Sn/c^^7 0 1 (CS^ 

m&&<<c£^-CW£$t\Z. 05 -C«. Af*3tiS!^0^ 
j£t* 9 & . -Bi^S±-C C <D£0K£tff4> A 
Stftit&£©8t£ii-?>it«. J:«3S8«:5fei^iii»^-C$rit 
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[003 7 ] ^tc. ±ie©<fc 5 tcsssn/cSTfe^. 

-7 A ?aU>X*j<fctK-e-©T©J&J£3*K. OCF. 

{big. sxaijs. Eiss^i'^iior^ajtcss^* 

PBGT. Stm©J?l)©ISUT©fm£. 5£ (5) k^-t 
X*.rt/©&HiJ£flH>-CfT-3 tc, 
[003 8] 

[$f4 ] n, sin0, = n, sin©, — (5) 
[0 0 3 9 ] 5£ <5 ) «C*$l>T. n,«ASfiJ©S»f 
e,(J-e©A«ft. n,«IIfrOTj§aOfcffliJ©JSflT 

^ e,«:^©/S»T#-c£>s. ittc. nwccomiFT&gL 
tc&mtzmim. m&m<DHnv{t. rta^ (6) ~~ 
(9) u^jKDSSt. Sja^*ffli->r. sm 

tC. 

[0040] 
(8*5] 

... (6) 

- (7) 

... (8) 

- (9) 



(0 0 4 1 ] 5£ (6) 5C*$<,>-C. T,«|?ffi-C©P{S3te 
CDSii^-C*-S. 5S (7) (CfcC^-C. TsBWffirtDS 

^■cDti^©e^©i®ja^«. p«^is<i^©ro© 
»£#©&K©fa4^;iT§t#t,;fc. <fc-,-c. sc (8) tc 

(9)tC*J^-C. R{JWffir©©JtX#ftl,>4(55£l,/ci© 
M^- * 4 L-t&Wffi-c©J5*M£©iti?& . 3 ( 9 ) k: 

[0 04 2] #>^U>X^©$4»A!WfK# 
^©^±©AW:ft5K©&.-$-e©3)3£ 5 4 1 4 "f 3 £ . 

e cD^©»*r©w i> t «cos' e 4 fcs 4 <,» 5 SflJ-c 
[ o o 4 3 ] -&©ffij. #y ^u>x^^w©^7U©f r 

[0044] «±©<fc Jt(§£IBT-©&iIi§lccA84-r 

sjfe^oB?©*^ 7 u>x^©^w*»jS (m$mm 

f4F&) 4, iS^©}em^±©(iaK:J:o-CAtl© 



30 ^^ffi-T Z>&^&$> -5. *I£W©»^^ 5 * u - * -c 
■5. 

[ 0 0 4 5 ] 0 6 *»K©H^7C^ ~> 5 » U- * 
©8»^R£ : &^-r7'a^5'0-C4>.5. C©->S:xU-* 

«. f DU>X##}g«l^©-ii5^©^[5]^W. 

X&tfiMM'^jt -^4. *^^U>X^(CJ:»3^^ 
nSJS^T-^©m^3^©AS*^4. A^*iS*SSt 
40 ^. -Si^±©A^.^^4'©it^» ; SrA^TS^S 
( + _^_ K Ad:4") 6 0 14. %tm$mni<s&VQli 

^tm^tf ; 5cpu6 0 24. stw&mzmtrrzmj] 

gl(CRT^-/y>$5t') 6 0 34^T5. 
[ 0 0 4 6 ] m 7 A ~0 7 CI*. *^©=^C7C*)t-> 

©?S^7D-^ + - h£^U S7AA>617BiCS*i 
0. $6«C. 07 B*>6@7CCCSS#£. JilT. 07 A 
-7C©7P-ft- h*ffll^t^fig©~> 5 ^ u--> 3 
>©^HS©lftBJ5r?f ^. 
50 [004 7] C©->5»l/-i/3>lCfcl,»T«. 
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Omfrd midsi^JSflr^nniict. ?ODl/>X©x 
(frftffimdi vTte <fc y :£|Sj©#8Pgch vLit^o/cJ; 

(Xf-vVS 1 ) <!:. cn^A^-ffCS-^ 

2) . 

C0048 ] #&C. fct£!W&©^d arfciCWSft^n 
ari. OCFOJl^docffcJrO'SSf^nocfi. ¥iSfb 
Jgd nat*J«fcO*®Sr^n flati . jS:)fcK©JI.fcd cut 
£. PaPSBOx^(6jfc<tc>*y^©-9-'('XTcut, Lcut 
£. gB^SP@<DJl*dyrire*jJ:c>'S*T^nwire<»:. §* 
mDxJifoisXVyJjfaVV-J XTPD. LPD£*A^f 

s Uf^sa) <t. cn^A^-^tcg-^r. 

•^•S4) . 

too4 9] ^tc. *>j7i>>zm<DMgmmf £f 

nSTpix<ty^tSj^©-rnSLpix<»:?rA^-r-S (Xf 
>X3ft*> fetMtK^^OAftttfctttfftS S (Xf- v 

xs 6 ) . 

[ 0 0 5 0 ] JKK. -BBS^©A!W3fcilS!©#£fc©A;'3£ 

«£te»j&Pl~P9*r©9j£) £x#l*i]©#aiifrNT 
<ty#fa©#ill8tNL (!35©lg^ttNT. NLifc3 
&) */8t>TA2rr4. 3 -otDASttfclSiifcfcS* 
^S*^*»©i93e%tf^*(. CdWBEOttMH8t 
«l»mt91-rft. 3->tt©H»t*H3 4l5I«K>A«jf 
m&ZmL. j£O*4M><fc0fcntta^U>X3i©*r 

X©W3&&FW a - >tt«c AW L r * fc*«*©«L**i 

ag-r*. -e-o-c. u>x©w#j&rt©n£. * 

<M)£iI£n<I©;£ftdl~dnK:#g!rr£. 09*«. 0 8 
t«. dl~d4©4^(S]k:^S(IL-Ct^-5„ 3 &2fft 
*mffl©* tc^-SCrs (B9TB6I). CfttCJrD. 
— AWJHftSri©^*** (nx m ) £fc. 
-BBRJCAStT 4tt*«**». < n x m x ntx NO 
CO^-^AfcfcfTittf (Xf-^S7) . 
il**S#«UDl6*»£. *©A*!#Gl*JJ:Cfli]«*Hfc 

j&rs. 

[005 1 ] «±CCJ:»), fW*#«DKJ&Mfc7 U it* 

N,„ = N,„ + (TmicxTarXTocfxTflatxTwire) 

•••(10) 

[0056] iiEXXvXS 1 7afel/<«17 blcte 
W-5N, D ©fttf*«tt$il44. £3fcBl(CO<,»-ciIBr8tlJ 
bfc*>5#>£«i&rL, (^f^S18). ttd. ftfgii 

&tm*ori>tti>ASttHi&*ftt*. -e©Ai**R«: 
o<,»r*y- v xs 9 KRor±iE4raaw>fH»*tf 5. so 
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(Xf^S8). fLT, A84ft# 
fi|gv^au>X^A«TS*>§a>«BrL (X*-*X 
S9) . v^ai^X^ASt-TSft^ AW^i-7 
-/^DU>X©5L^.?rimb-C. SSiiv^^au>x 
©#ET?©A«ft. /3tfft<t*©j^STmic£5}?8!> 

(xf-^sio) . £f>cc. M©7^?au>x 
rtr©Af*i&glitB>£m>. AS*^©v^i;au>Xi 
Ji8S»IS^®-C©3^*«r?f-@b-C. -e©Wll-C©AH 
ft. ®*ffti?fe©SiaSTar?:^Jst)S Uf-^Sl 1. 
a) . Site. AS*:5£#v-f : 5>nU>X'M*A»tf-r{cB 
SSBJSSJJg^AWTSti^W:. AW* £&£»©©£* 
Srif-gLT. ^m<b«IJSS4^©lfM-C©AWft. Sffft 
i3fe©SiS*Tar^**^ <*t^XS lib). 
[005 2] #Ct. XTv^S 1 1 a 1 1 b~C© 

r©A*bfctS!iIKtetT<,\ AW*©*ft5Wlg<!:OCFj? 

E-c©^*n-ff6r. ^©i?M-c©A*fft. mmnt 

T. ®fri£©OCFrtr©AW*t§U18*£m>. AW* 
©0CFi¥«{bKWffir©3c\*£itf?b-c. ^-©Wffi 
■C©A*fft. ®ffift£*©j8jt^THat£5i?«>& (XX 
?^S13). 

[0 05 3] ^tc. ®Jr^©¥^bPrt-C©AW^ji 
»*tfl». AW*©^mig£j&ftAl^<!:©W®-C©£ 

.^imit, ^Ai^©gansa^*iAStbri^*^ 

<b-5*»£¥U»r-f £ (XX;>XS 14). ISCIgB^AWl, 
Tt,> g§PSi5«£k:}i^T-©i5^-c*S/c 
KK^f ^Sl 4ritfit$<a/c¥lS{b^tiS*Al 

floras (•<*-&*>*>. &mm) <L©£*£ffli>r. *■© 

WffiT©AWft. JS#rft£*©Sjfi^Twire£#«)-£> 
(XXvXS 15). — Ha«-*AJWUTt»ttt>iS 

-e©^w^gutc{i^L^(,»i«»rbt:. a 

ATS (.Xt- ■> XS 17b). 

[0054] M:^lMP08fl£jIi&L.T#/<:AW*Cco 

^r«. /s*w&©ieitsufrtr©AW*i|g£S££m\ a 

TfcSPrt-Tfe^AW Lti,^ *5*»*«IK-r -5 (X f v X 
S 1 6) . 3B6»^AWOrt>*»^». 5S(10)K 
<t»)Np„*3fei>5 Uf^S 17a). 
[005 5] 
1^6] 
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Ij6$=NPD/(NTXNLXnXm) - (1 I) 
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0) . 

[oo59] conmm-cimig&iw? 

<. LCD^o^**£-ft£©->= »u-—>3>k:fc 

[oo6o] ^k:. ^©^;>i/-> 3 >es?;@9 
fc<ty@io(cst. cn^oi i oit±xmtffl%m 

&&mU, au>Xl 00 1. flSJ£*fHl 0 0 

2 . oc f i o o 3 . w-m<m 1004. &ytA\m 1 0 

05. m&®l 0 0 6fc«fcO-§3fegPl 0075S iSS 

1 0 0 8©±«CWL-TiSsSS#flffiXSn&. 

[0 06 1 3 i9(a)«. *l*ffi&5 Oram. FSU 1 

©*§^&. %Mtm : itmmm-cn.ici><D-etbz. 09 

Cb){i. MM5 0mm. F$tl.4©#y ^ U>X£ 

mitmwm-emcbv-ctbh. iio(a)«. m.^m 

I5 0mm. Fgtl 1 ©27>-7 U>X£flH »&:*§£©. 
«&E©$^i®i&T©*3fc©«^£. #*i¥fT&K 
M0-Cjt,/£ {>©?&&,, 0 1 0 (b )tt. J&*ffif$5 0 m 
m. FfStl.4©*.*-? U>X£flJ(,^ci®£©. It&ffi© 

fcfc©t?£>£„ 

[0 06 2 ] Ctt<E>©0a>6k#*P-2>J: ; 5{t. IHIO^T- 
-cfc^y^i^xoFgMcj:-? rig:ft©«B^Sfc o r 
*s <3 . F tfcrtVjN $ < ft £ « <!: &%$!>-C<Dm%i)m < ft 

[0 06 3 ] 09*$<£c>'01 0©]g7lcA1)gl 0 

0 5 <Di%M-C<D%:<D)x.M Z> t MfaiASo X 
<-&. -5?*). A8*fti(l?#ffi:£Alja©*S!®-CJ5*fOT. 
^©JKWft^gftgB 1 0 0 TlCAM-TZm-SMt. *<D 

KKC*«#J/ 5 * U- f -C±IB<D<fc 5 Ki&fcA1fl£<Di$® 

#i§l,ftt,>«£K:j:fc,-<T. #^u>xm©Fij!K:*>j& 
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[0064]il Hi. IBJCliS&tiljS-C. &£&fg 1 0 
0mm. F&l l©*7^5>U>X£flH>/ci§£©. 
®©SS5»©iSJ?|-C©SI;ft©l&7-£. TfefAiWcCSiffi-C 
H.fc4>©T&£. 01 0(a)<tlt-<-C. j»*8B8A*SC> 

[ 0 0 6 5 ] 0 1 2 1*. 09*>J:c>'0 1 0 £|3H§<Dg!# 

F$H&&&Z${UL,td&mX'$>Z. C©£f-|TC«:. j£H 

Otci/&&&ft15 : &ft^tcA$ilt&3i&m^X^Z>. CD© 
tti^H. Jt»ffl4>^SP©ili^r©^^©FStti!<#tt?: 
*Vf„ <2>©fliS!«. ffi^ffi}SgaJ©li«r©»3fe^©F?g! 
#c#tt£^U *y7U>X^CCtS??TSPS^-?>. co 
s'6m*li>^lS.Ltcis5.*.ls-i'3>m$kX'$>2>. <3>© 
ft^ii. «^ffl^SP©iffl^'C. H3t©g:ftSlHc*to-cv 
4 * D U >X£4>OJg(£fficp4>8i5<fc 0 -T<E> Ofci»£©lg 
#^©F&ffc??tt£m-r. c©0*>6#*>£J:5K:. > 

20 ?$tf>5?g*>T*i»). *4>gM»<fcc>'i£a5<Lfc. F»#/J^< 

X^SjS^{4SK-r6-rc<b«:J;»3. ffi^®^©®^ 
©*^*«±*^r(,^. 

[0 06 6] ^S^filAjr^y^u^X^©^ 
±tej:c>-*fili^6^n/ces©fiig-c© (Jg^at^i 
©^^©ts^tt^^^P^i'^^L/c) ms&is 
^u-fWi ^^©^©{ig-c©*^^* 

-^tcjr'j. ^PU>X(c«t^}g^^rtx?©^ 
30 ©«T-^?tiS^iS):-r^Ct*i-C#€)„ 3 6(C s^as-c 

[0 06 7] 

40 ©*^7i/>XS©^ft u>XPS6. AS^ 

[0068 ] <t ^.R^tCti. »^^CAW-T-5bu© 
#^U>X&A>6©AtO^©3=#£. U>X©J1* 
ffigiFiitSSb. 5 6>«:, |g^^©Siii^{iS© 
3fcf4#>6©-rn£#{8bT . v-f i7au>X©H*5cW 
^cJfJWt -?-©TgM8jt©jaf6]^W*$ <fc cXTfe^W^^jS?: 

50 7* ^*^©*>7U>X^©FS5[fl<#tt^i' 
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